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SPECIFICATION 

ALIPHATIC POLYMER HAVING KETONE GROUP AND ETHER BONDING 
IN ITS MAIN CHAIN AND RESIN COMPOSITION CONTAINING THE SAME 

Field of the Invention 

The present invention relates to a novel aliphatic polymer having a ketone 
group and ether bonding in its main chain, which is used as a structural material of 
a composition such as engineering plastic, and a resin composition containing the 
same. 

Background Art 

Being organic materials which are stable and can be industrially produced, 
plastics have been used in various applications. 

In particular, among plastics, so-called "engineering plastics", have 
excellent properties such as mechanical strength or heat resistance, in contrast to 
general plastics such as polyethylene or polystyrene, and so can be used in place of 
metallic materials. In recent years, engineering plastics have been put into practice 
in various industrial fields, being excellent functional materials. Among 
engineering plastics, polyamide, polyethylene terephthalate, polycarbonate, 
polyacetal, polyphenylene ether and the like are called "general purpose 
engineering plastics", and are able to provide reasonable performance and are 
inexpensive, and accordingly, are used in large quantities in industry. 

Other than the general purpose engineering plastics, plastics having 
exceptional mechanical strength or heat resistance are called "special engineering 
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plastics" or "super engineering plastics", and application thereof is limited due to 
cost or formability thereof. 

Examples of the special engineering plastic include polyimides, 
polysulfones, all-aromatic polyesters, crystalline polyesters, polyketones, cyanates, 
polyphenylenesulfides, and the like. 

Among engineering plastics, polyketone is a polymer having a ketone 
group in its main chain. Main examples of polyketone include polyether ketone 
(hereinafter, abbreviated as PEK), polyether ether ketone (hereinafter, abbreviated 
as PEEK), polyether ketone ketone (hereinafter, abbreviated as PEKK), and 
polyallyl ether ketone or aliphatic polyketone composites thereof. 

Polyallylether ketone is a heat-resistant polymer which can be injection 
molded. The ratio of rigid ketone groups to flexible ether bonding is a factor 
which determines the heat resistance of the polymer. Further, PEK or PEEK, 
having a high ratio of ketone groups, have high heat resistance. Thermal 
deformation temperatures of PEK and PEEK range from about 300°C to about 
350°C, and continuous duty temperatures thereof range from about 200°C to about 
260°C, and among thermal plastics, PEK and PEEK exhibit the best heat resistance. 
PEEK has a melting point of 334°C, and exhibits high resistance to hydrolysis, 
high chemical resistance, high radiation resistance, and fire resistance, and 
accordingly, is used in air planes, the field of atomic power generation, electronics 
such as computers, cable-coating materials, connectors, parts surrounding the 
engine in automobiles, and a hydrothermal-pump housing and the like. Heat 
resistance, chemical resistance, fire resistance, and radiation resistance of PEK are 
higher than those of PEEK, and PEK is used in atomic power generation and air 
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plane-associated parts. 

However, since these engineering plastics use expensive monomers as raw 
materials, there is little room for cost reduction, thus it is not expected that a large 
market for them will develop in the future. 

Condensation based engineering plastics containing aromatic rings in their 
main chains have conventionally been synthesized by condensation reactions 
between two functional groups. However, in recent years, new synthesizing 
methods in which large ring compounds are polymerized by ring-opening or they 
are directly polymerized by dehydrogenation have been reported. 

Further, attention has been drawn to polyketones which do not contain an 
aromatic ring in their molecules, which are so-called aliphatic polyketones. An 
aliphatic polyketone ("CALIRON" (trade name)), which is a special engineering 
plastic developed and manufactured by Shell Oil Co., Ltd., does not contain an 
aromatic ring in its molecule and can be manufactured from inexpensive raw 
materials such as olefin such as ethylene and CO, hence a wide range of 
applications can be expected. Examples of applications of aliphatic polyketones 
include packaging, containers, electric materials, electronic components, 
automobile materials, building materials, gears, sliding parts, adhesives, and fibers, 
and aliphatic polyketones are of interest in these industrial fields. 

At present, aliphatic polyketones are mainly synthesized by a method in 
which an olefin, such as ethylene or propylene, and carbon monoxide are 
copolymerized by using a metal complex such as palladium, nickel or cobalt, as a 
catalyst (see United States Patent No. 4, 835,250 for example). 
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However, at present, the synthesis of these metal complexes is extremely 
difficult. For instance, C. Bianchini, et. ah, Marcromolecules 32, pp. 4183-4193 
(1999) discloses a synthesis method of a palladium complex. 

However, since the disclosed synthesis has the problem of requiring conduction of 
a complicated reaction process comprising 5 steps or more, methods of 
synthesizing stable aliphatic polyketones in this way are still at a developing stage. 

At present there has been no report of an example of a synthesis of an 
aliphatic polymer having a ketone group and ether bonding in its main chain, such 
as aliphatic polyether ketone or aliphatic polyether ether ketone, an aliphatic 
polyketone for which a wide range of applications is expected. 

Disclosure of the Invention 

The present invention solves the above-described conventional problems, 
and accomplishes the following objects. Namely, the present invention provides an 
aliphatic polymer having a ketone group and ether bonding in its main chain, 
which can be used as a structural material of a composition typical of engineering 
plastics. 

Further, the present invention provides a resin composition containing the 
aliphatic polymer having a ketone group and ether bonding in its main chain as a 
structural component. 

In other words, the present invention relates to an aliphatic polymer having 
a ketone group and ether bonding in its main chain, wherein the aliphatic polymer 
comprises structural units represented by the following Formula (1) and the 
following Formula (2): 
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Formula (1) 



-Ra — C Rb O — Rc- 



nl 



Formula (2) 



-Ra— C — 



-Rb- 



-Rc- 



n2 



In the Formulae (1) and (2), Ra and Rb each independently represents a 
substituted or unsubstituted divalent aliphatic hydrocarbon group; Rc represents a 
substituted or unsubstituted divalent aliphatic hydrocarbon group having ether 
bonding in a terminal thereof, or a single bond; nl represents an integer of 1 or 
more; n2 represents an integer of 0 or more; and nl + n2 is in a range of 2 to 1000. 

The present invention further provides the polymer, wherein, in the 
structural units represented by the Formula (1) and the Formula (2), Ra and Rb 
each represents CH 2 , and Rc is a single bond. 

The present invention further provides the polymer, wherein, in the 
structural units represented by the Formula (1) and the Formula (2), Ra and Rb 
each represents CH 2 , and Rc represents — (CH 2 )m — O — , wherein m represents an 
integer of 1 to 20. 

The present invention further provides the polymer, wherein an 
weight-average molecular weight is in a range of 74 to 1,000,000. 

The present invention further provides the polymer, wherein the terminal is 
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selected from a group comprising — OH, — COOH, — COOR, — COX, — NH 2 and 
NCO, wherein R represents a substituted or unsubstituted hydrocarbon group, and 
X represents a halogen atom. 

The present invention further provides the polymer, wherein the polymer 
has a cross-linking structure. 

The present invention further provides the polymer, wherein a ratio of ether 
bonding to ketone groups represented by ether bonding/ketone groups is in a range 
of 0.01 to 100. 

The present invention further provides the polymer, wherein the polymer is 
substantially constituted of the structural unit represented by the Formula (1) as a 
repeating units. 

The present invention further provides the polymer, wherein the polymer is 
obtained by conducting a polymerization-reaction of a polyhydric alcohol as a raw 
material in a presence of a catalyst. 

The present invention provides the polymer, wherein the polymer is 
constituted of the structural units represented by the Formula (1), the Formula (2) 
and the following Formula (3): 
Formula (3) 



In the Formulae (1) to (3), Ra and Rb each independently represent a 
substituted or unsubstituted divalent aliphatic hydrocarbon group; Rc represents a 
substituted or unsubstituted divalent aliphatic hydrocarbon group having ether 
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bonding in a terminal thereof, or a single bond; Rl and R2 each independently 
represents H or an alkyl group; nl, k and 1 each independently represents an integer 
of 1 or more, n2 represents an integer of 0 or more; and nl + n2 and 1 each 
independently represents an integer in a range of 1 to 1000. 

The present invention according to another aspect provides a resin 
composition, wherein the resin composition includes the structural unit represented 
by the Formula (1) as a structural element. 

The present invention further provides the resin composition, wherein the 
resin composition contains an electrically conductive powder. 

The present invention further provides the resin composition, wherein the 
electrically conductive powder is metal fine particles. 

The present invention further provides the resin composition, wherein the 
electrically conductive powder is carbon nanotubes. 

The present invention further provides the resin composition, wherein the 
resin composition uses, as the electrically conductive powder, carbon nanotubes 
modified by a functional group which conducts a polymerization-reaction with an 
aliphatic polymer having a ketone group and ether bonding in its main chain. 

The present invention further provides the resin composition, wherein the 
functional group is a carboxylic acid. 

The resin composition of the present invention can be used as engineering 
plastic, and can be made to have electrical conductivity by containing electrically 
conductive powder therein. Further, if carbon nanotubes are used as electrically 
conductive powder as a filler, the resin composition can be given flexibility. Here, 
if carbon nanotubes which are modified by a functional group which conducts a 



7 



polymerization-reaction with an aliphatic polymer having a ketone group and ether 
bonding in its main chain are used, a resin composition with a high density 
composition can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an infrared absorption spectrum of a mixture of glycerin and 
sulfuric acid used in Example 1 ; 

Fig. 2 shows an infrared absorption spectrum of aliphatic polyether ketone 
obtained in Example 1 ; 

Fig. 3 shows an infrared absorption spectrum of aliphatic polyether ether 
ketone obtained in Example 2; and 

Fig. 4 shows an infrared absorption spectrum of a block copolymer of an 
aliphatic polyether ether ketone and polyether, obtained in Example 3. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Hereinafter, a detailed description of the present invention will be made. 
Aliphatic polymer having a ketone group and ether bonding in its main chain 

An aliphatic polymer having a ketone group and ether bonding in its main 
chain of the present invention is a polymer which is constituted by two structural 
units represented by the following Formula (1) and the following Formula (2), as a 
basic skeleton, and which does not contain an aromatic ring. Because the 
aliphatic polymer having a ketone group and ether bonding in its main chain of the 
present invention has ketone groups, which are responsible for hardening a 
polymer, and ether bonding, which is responsible for softening a polymer, it is 
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possible for example that by controlling the respective numbers of ketone groups 
and amount of ether bonding to control the mechanical properties such as the 
hardness and the like, while maintaining the aliphatic polymer thermally stable. 
This makes it a useful structural material of a composition such as an engineering 
plastic. 
Formula (1) 



-Ra — ^ Rb 



-Rc- 



nl 



Formula (2) 



OH 

-Ra — C— 



n2 



In the Formula (1) and the Formula (2), Ra and Rb each independently 
represents a substituted or unsubstituted divalent aliphatic hydrocarbon group, Rc 
represents a substituted or unsubstituted divalent aliphatic hydrocarbon group 
having an ether bonding in a terminal thereof, or a single bond, nl represents an 
integer of 1 or more and n2 represents an integer of 0 or more, and nl + n2 is an 
integer in a range of 2 to 1000. 

Further, the value of nl + n2, corresponding to the number of the structural 
units of the aliphatic polymer having a ketone group and ether bonding in its main 
chain of the present invention, is preferably in a range of 2 to 100, and more 
preferably in a range of 2 to 50. 



As the aforementioned divalent aliphatic hydrocarbon group, those having 
1 to 20 carbon atoms can be used. Such an aliphatic hydrocarbon group may be in 
a state of a straight chain, a branch chain or an annular chain. However, a 
straight-chain aliphatic hydrocarbon group is preferable. As a straight-chain 
aliphatic hydrocarbon group, an alkyl chain having 1 to 20 carbon atoms can be 
used. Further, as a divalent aliphatic hydrocarbon group having an ether bonding in 
a terminal thereof, these aliphatic hydrocarbon groups with an ether bonding 
( — O — ) in a terminal thereof can be used. 

Further, examples of substituents that can be substituted in the divalent 
aliphatic hydrocarbon group include: — COOR, — COX, — MgX, — X, — OR, 
— NR1R2, — NCO, — NCS, — COOH, —OH, — O, — NH 2 ,— SH, — S0 3 H, 
— R'CHOH, — CHO, — CN,— COSH, — SR, and — SiR' 3 . Here, X represents a 
halogen, and R, Rl, R2, and R' each independently represents a substituted or 
unsubstituted hydrocarbon group. 

Ra and Rb each independently represents a substituted or unsubstituted 
divalent aliphatic hydrocarbon group, and specific examples thereof include: 
— CH 2 — , — CHNH 2 — — C(NH 2 ) 2 — , — CHCN— , — C(CN) 2 — , — 
CHOH— ,— C(OH) 2 —, —CO—, — CHSH— , — C(SH) 2 — , — CHCOOH— , 
— C(COOH) 2 — , — CHX — , and — CX 2 — , and repetitions or combinations thereof 
can be used. Here, X represents a halogen. 

On the other hand, specific examples of Rc include a single bond or 
substituted or unsubstituted divalent aliphatic hydrocarbon groups each expressed 
by a single bond, or — Rc' — O — and each having an ether bonding in the terminals 
thereof. Examples of Rc' include: — CH 2 — ,— CH 2 — , — CHNH 2 — , — C (NH 2 ) 2 — , 
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— CHCN— , — C (CN) 2— — CHOH— C(OH) 2 — , — CHSH— , — C (SH) 
2 — , — CHCOOH— , — C (COOH) 2 — — CHX— , and — CX 2 — , and repetitions 
or combinations thereof can be also used. Further, repetitions of — Rc f — O — or 
combinations of a plurality of — Re' — O — structures having different Rc f s can be 
used. Here, X represents a halogen. 

The structural units represented by the aforementioned Formulae (1) and 

(2) are preferably constituted by the structural units represented by the following 
Structural Formula (1) and the following Structural Formula (2): 

Structural Formula (1) 

\ H 2 H 2 /nl 

Structural Formula (2) 

OH 

\ H 2 H H 2 / n2 

Further, a structural unit represented by the following Structural Formula 

(3) is also preferable. Here, m is an integer of 1 to 20. Moreover, another structural 
unit which is used in combination therewith is that in which a ketone group in 
Structural Formula (3) is merely substituted by a hydroxyl group, and a description 
thereof will be omitted. 

Structural Formula (3) 
o 

* 'n 1 

n 



In addition, an example of the structural unit represented by the Formula 
(1) can include a structural unit represented by the following Structural Formula. 
Further, the structural unit represented by the Formula (2) is that in which a ketone 
group in the Formula (1) is substituted by a hydroxyl group, and a description 
thereof will be omitted. Here, in the following Structural Formulas, ml, m2 and 
m3 each independently represents an integer of 1 to 20, and the sum of nl and n2, 
i.e., nl + n2, is in a range of 2 to 1000 (nl is the number of structural units in 
which a ketone group is substituted by a hydroxyl group). 



The terminal of an aliphatic polymer having a ketone group and an ether 
bonding in its main chain of the present invention can be selected from a group 
comprising — OH, — COOH, — COOR (R represents a substituted or unsubstituted 
hydrocarbon group), — COX (X represents a halogen atom), — NH 2 and NCO. 

The weight-average molecular weight of the aliphatic polymer having a 
ketone group and ether bonding in its main chain of the present invention is 
preferably in a range of 74 to 1,000,000, more preferably in a range of 74 to 100,000, 




(CHa) m1 -C (CH 2 ) m2 — i 
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and further preferably in a range of 74 to 5,000. 

In particular, the weight-average molecular weight of the aliphatic polymer 
having a ketone group and ether bonding in its main chain, constituted by the 
Structural Formula (1) and the Structural Formula (2) is preferably in a range of 74 
to 80,000, more preferably in a range of 74 to 8,000, and further preferably in a 
range of 74 to 4,000. 

Further, the weight-average molecular weight of the aliphatic polymer 
having a ketone group and ether bonding in its main chain, which is constituted by 
the Structural Formula (3) and a structure in which a ketone has been substituted 
by a hydroxyl group in the Structural Formula (3) is preferably in a range of 230 to 
250,000, more preferably in a range of 230 to 130,000, and further preferably in a 
range of 230 to 70,000. 

The ratio of the number of ketone groups to the number of ether bonds in 
the aliphatic polymer having a ketone group and ether bonding in its main chain of 
the present invention (ether bonding/ketone groups) is preferably in a range of 0.01 
to 100, and more preferably in a range of 0.04 to 25. 

Further, as described below, a ketone group enhances the hardness of a 
polymer while an ether bonding enhances the flexibility of a polymer. Accordingly, 
the mechanical strength of the composition can be controlled by controlling the 
number of ketone groups and that of ether bondings in the resin composition of the 
present invention. 

The aliphatic polymer having a ketone group and ether bonding in its main 
chain of the present invention is structured by two structural units represented by 
the Formula (1) and the Formula (2). However, the aforementioned aliphatic 
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polymer can be a polymer structured merely by the Formula (1) as a repeating unit. 
Further, the aliphatic polymer can be a polymer in which only structural units 
having the same structure are constituted as repeatiing structural units or a polymer 
of structural units represented by the Formula (1) in which Ra, Rb or Rc have 
different structures polymerized together. 

The aliphatic polymer having a ketone group and an ether bonding in its 
main chain of the present invention may be a polymer comprising a structural unit 
represented by the Formula (1), a structural unit represented by the Formula (2) 
and another structural unit (which does not contain an aromatic group, however). 

Specific examples of these polymers include: a polymer structured by 
structural units represented by the Formula (1) and the Formula (2), and polyether 
represented by the following Formula (3), or a block copolymer having these 
structural units as a component (block copolymer comprising polyether ketone 
site(s), site(s) in which a ketone group in polyether ketone is substituted by a 
hydroxyl group, and polyether site(s)). In the polymer formed by these 
polymerized bodies, in the following Formulae (1), (2) and (3), nl, k and 1 each 
independently represents an integer of 1 or more, n2 is an integer of 0 or more, k is 
an integer of 1 to 20, and nl+n2 is an integer in a range of 1 to 1,000 (preferably, 
integer of 1 to 500), 1 is an integer in a range of 1 to 1,000 (preferably, an integer of 
1 to 500). Herein in the Formula (3), Rl and R2 each independently represents H 
or an alkyl group. 
Formula (3) 
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The aliphatic polymer having a ketone group and ether bonding in its main 
chain may have a cross-linking structure. By forming a cross-linking structure in 
which a ketone group and an ether bonding are combined with each other, it 
becomes possible to obtain a more mechanically and thermally stable composition. 
An example of the polymer includes a cross-linking body in which the structural 
unit represented by the Formula (1) is cross-linked by using glycerin or aliphatic 
diol. A specific example of the polymer includes a cross-linking body in which the 
structural unit represented by the Structural Formula (1) is cross-linked with 
glycerin or an aliphatic diol compound, as represented by the following structure: 



When the aliphatic polymer having a ketone group and ether bonding in its 
main chain tends towards a state in which the aliphatic polymer does not contain 
hydroxyl groups, the aliphatic polymer becomes a polymer which is extremely 
chemically stable. On the other hand, by the aliphatic polymer having a ketone 
group and ether bonding in its main chain containing hydroxyl group(s), the 
aliphatic polymer having a ketone group and ether bonding in its main chain 
becomes a gel polymer (high polymer gel) having stable water-solubility. Since the 
gel polymer has viscosity, and does not easily flow during application or formation 
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thereof, the gel polymer is suitable for preparing films or structural substances. By 
heating after application or formation, the gel polymer can be easily hardened into 
a desired configuration and a resin composition comprising a polymer having a 
cross-linking structure formed therein can be obtained. Further, this hydroxyl 
group can be chemically modified by a molecule having a functional group that 
can react with the hydroxyl group. 

The hydroxyl group can be contained in the structural unit represented by 
the Formula (1) in a state in which hydroxyl group(s) remained as not having been 
completely synthesized as ketone groups. In other words, the chain for structuring 
aliphatic polymer having a ketone group and ether bonding in its main chain of the 
present invention can include a structural unit represented by the following 
Formula (4). Further, since the hydroxyl group is in a state remaining as not 
completely synthesized as a ketone group, the structural unit represented by the 
following Formula (4) is partially included in the structural unit represented by the 
Formula (1). 
Formula (4) 

Ra — C Rb O — Rc 

In the Formula (4), Ra and Rb each independently represents a substituted 
or unsubstituted divalent aliphatic hydrocarbon group, and Rc represents a 
substituted or unsubstituted divalent aliphatic hydrocarbon group having ether 
bonding in a terminal thereof, or a single bond. Further, Ra, Rb and Rc in the 
Formula (4) are the same as those in the Formula (1). 
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Further, a hydroxyl group can be included in another structural unit with 
which the structural unit represented by the Formula (1) constitutes a block 
copolymer. Specific examples thereof include the following structure in which a 
hydroxyl group can be included in a polyether site of a block copolymer of 
polyether ketone comprising the structural unit represented by the Structural 
Formula (2), and polyether (a polymer of the structural unit represented by the 
Formula (1) and the structural unit represented by the Formula (3)). 



As described above, the above-described aliphatic polymer having a ketone 
group and ether bonding in its main chain of the present invention can be suitably 
used for a structural material such as engineering plastic. Besides, a resin 
composition containing the aliphatic polymer having a ketone group and ether 
bonding in its main chain can be suitably used. 

Method of preparing a composition containing the aliphatic polymer having a 
ketone group and ether bonding in its main chain 

The aliphatic polymer having a ketone group and ether bonding in its main 
chain of the present invention can be obtained by a polymerization-reaction by 
using a polyhydric alcohol as a raw material in the presence of a catalyst, and can 
be prepared inexpensively by using a polyhydric alcohol as a raw material in place 
of petroleum thus making it possible to obtain the same by a preparation method 
that is suitable for an industrial production. 

The aliphatic polymer having a ketone group and ether bonding in its main 
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chain of the present invention can be obtained by a polymerization-reaction 
accompanied by dehydration reaction and oxidation reaction. Catalyst for 
generating such reactions can be selected from the group comprising sulfuric acid, 
nitric acid, hydrogen peroxide, Na 2 Cr 2 07, Cr0 3 Cl, and NaOCL Use of sulfuric acid 
as a catalyst is particularly preferable because the sulfuric acid can facilitate 
effectively occurrences of dehydration reaction and oxidation reaction, be prepared 
inexpensively, and is easy to handle. 

In preparing rigid plastics with high density, an amount in which the 
catalyst is used (or added) is preferably in a range of 0.1 to lOOmg per lg of raw 
material, more preferably in a range of 0.5 to 80 mg, and further preferably in a 
range of 5 to 50 mg. If the amount of the catalyst is too small, the generation of the 
polymerization-reaction becomes difficult. Meanwhile, if the amount of the 
catalyst is too great then foaming in the resultant plastic can occur. On the contrary, 
if the catalyst is to be used for foamed plastic then the amount of the catalyst is 
made larger than the amount of the catalyst can be increased compared with the 
above. 

As a polyhydric alcohol raw material, a polyhydric alcohol containing a 
secondary alcohol and a primary alcohol in a single molecule is preferable. 
Examples of the polyhydric alcohol include: glycerin, 1,3,5-trihydroxypentane, and 
1,2,4-trihydroxybutane, and 1 ,2,6-trihydroxyhexane. 

In the aliphatic polymer having a ketone group and ether bonding in its 
main chain, generally, a ketone group enhances the hardness of a polymer, while an 
ether bonding enhances the flexibility of the polymer. Accordingly, by controlling 
the number of ketone groups and ether bonds, mechanical properties such as the 
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hardness and the like of a composition comprising the polymer can be controlled. 
In other words, the higher the ratio of the number of ether bonds in the polymer, 
the more flexible the composition comprising a polymer becomes. On the contrary, 
the higher the ratio of the number of ketone groups, the higher the hardness of the 
composition comprising the polymer becomes. 

However, the ketone groups are produced only from the polyhydric alcohol 
raw material. For this reason, when a mixture of a polyhydric alcohol and a diol 
compound (such as ethylene glycol) mixed therewith is used as a raw material, and 
polymerized, only ether bonding is generated from the diol compound, whereby 
the ratio of the number of ether bonds in a polymer molecule can be increased. 
Accordingly, by changing of the ratio of the mixture of the polyhydric alcohol with 
the diol compound, the flexibility of the composition comprising the polymer can 
be controlled. 

More specifically, for example, when glycerin, as the polyhydric alcohol, 
and a diol compound are polymerized, if the polyhydric alcohol and the diol 
compound are alternately polymerized, as represented by the following reaction 
formula, polyether ether ketone can be obtained. 




Further, when m molecules of glycerin, as a polyhydric alcohol, are 
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polymerized, and thereafter, k molecules of diol compound are polymerized 
therewith, a block copolymer of polyether ketone and polyether can be obtained. 

By conducting the polymerization-reaction such that hydroxyl groups 
remain, for example, as described above, it becomes possible to obtain a gel 
substance having stable water solubility, as the aliphatic polymer having a ketone 
group and ether bonding in its main chain. 

Specifically, for example, if nitric acid is used as a catalyst, since a boiling 
point of nitric acid is 120°C, the catalyst (nitric acid) is heated at a temperature of 
120°C or higher, and the nitric acid as the catalyst is removed before all of the raw 
material (such as glycerin or diol) is polymerized, whereby a gel state high 
polymer in which — OH partially remains, without being synthesized as a ketone 
group, can be obtained. 

It is suitable to use and heat the above-described catalyst in order to 
generate a polymerization-reaction. Means for heating treatments are not 
particularly limited. However, heating by electromagnetic waves is preferable 
because effective polymerization-reaction can be made to occur. 

With reference to specific examples, the aliphatic polymer having a ketone 
group and ether bonding in its main chain of the present invention can be obtained 
by a reaction mechanism as described below. For example, if glycerin is used as a 
raw material, while sulfuric acid is used as a dehydration catalyst, the reaction 
mechanism is conducted through a dehydration-condensation reaction between 
primary alcohols and oxidation reaction with a secondary alcohol as expressed in 
the following reaction formula. In the dehydration-condensation reaction, an H 2 0 
molecule is eliminated from two primary alcohols of a glycerin molecule due to a 
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dehydration effect of the sulfuric acid to generate ether bonding. In the oxidation 
reaction, two hydrogen atoms are eliminated from H — C — OH, which is the 
secondary alcohol, whereby a ketone group is produced. The resultant product is an 
aliphatic polyether ketone. Here unreacted hydroxyl group(s) may be present 
therein as described above. Further, the hydroxyl group can be chemically 
modified by a molecule having a functional group which can react with the 
hydroxyl group. Moreover, dehydration-condensation of the hydroxyl group can be 
conducted between a primary alcohol and a secondary alcohol, and 
dehydration-condensation of the hydroxyl group can further be conducted between 
secondary alcohols. 




In this way, the aliphatic polymer having a ketone group and ether bonding 
in its main chain, which can be used for a material for constituting a resin 
composition such as engineering plastic, can be simply synthesized from 
inexpensive raw materials. 
Resin Composition 

The resin composition of the present invention contains the structural unit 
represented by the Formula (1) as a component. Specific examples of the resin 
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composition include a resin composition comprising the aliphatic polymer having a 
ketone group and ether bonding in its main chain, or a resin composition 
comprising a cross-linking structural body in which an aliphatic polymer having a 
ketone group and ether bonding in its main chain and a hydroxyl group (or a 
mixture thereof with glycerin and an aliphatic diol) in a gel state is coated or 
formed, and thereafter, hardened, and the like. 

The resin composition of the present invention can be used as various 
engineering plastics by changing the ratio of the number of the ketone groups to 
that of the ether bondings as described above. Further, the configuration of the 
resin composition is not particularly limited, and it can be a molded body having 
an arbitrary configuration, or can be a film. In particular, the aliphatic polymer 
having a ketone group and ether bonding in its main chain having a hydroxyl group 
and a gel state may be, for example, applied onto a substrate, and then cross-linked, 
whereby a film whose thickness is in a range of lnm to 1mm, for example, can be 
easily formed. 

Electrically conductive powder can be contained in the resin composition 
of the present invention. There is no particular limitation to how the electrically 
conductive powder is contained in the resin composition. The electrically 
conductive powder is preferably contained in the aliphatic polymer having a ketone 
group and ether bonding in its main chain. The resin composition, containing 
therein electrically conductive powder, can be used for materials for electrical 
applications such as electrodes (including those for electrically chemical 
measurements), electromagnetic shielding, or films. 

As the electrically conductive powder, metal fine particles such as copper, 
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gold or silver can be appropriately used. The embodiment of the inclusion of the 
electrically conductive powder is not limited to that of being uniformly dispersed 
in a resin composition, and that in which the surface density of the electrically 
conductive powder is higher than that of other portions can also be used. 

Carbon nanotubes can be used as the electrically conductive powder. 
Carbon nanotubes have not only high electrical conductivity but also heat 
conductivity, and since carbon nanotubes are a cage substance, they have both 
rigidity and flexibility. For this reason, by containing carbon nanotubes in the resin 
composition of the present invention, electrical conductivity and flexibility of the 
resin composition can be improved, whereby the resin composition can be used for 
a wider range of applications. When carbon nanotubes to which a functional group 
that conducts a polymerization-reaction with the aliphatic polymer having a ketone 
group and ether bonding in its main chain is connected are mixed with a 
polyhydric alcohol, so as to form a polymer that is used as a raw material of the 
resin composition, during the formation of the polymer, polymerization of the 
polyhydric alcohol and the functional group connected to the carbon nanotubes and 
polymerization of the polyhydric alcohol and substituents that remain in the 
polymer may occur in addition to copolymerization of polyhydric alcohols. 

Accordingly, a polymer thus formed forms a resin composition having a 
composite structure formed by the aliphatic polymer having a ketone group and 
ether bonding in its main chain, the carbon nanotubes, and the polymer of the 
polyhydric alcohol. For this reason, since it is difficult to specify and express the 
chemical structural formula of the resin composition, the chemical structural state 
is described as being a resin composition that "uses carbon nanotubes, which are 
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modified by a functional group which conducts polymerization-reaction with the 
aliphatic polymer having a ketone group and ether bonding in its main chain, as an 
electrically conductive powder". Then, the resin composition obtained as described 
above is in a state in which the polymer and carbon nanotubes are a composite, 
thus the resin composition can exhibit high flexibility and high heat resistance. 

Examples of the functional groups for modifying the carbon nanotubes for 
generating a polymerization-reaction between the carbon nanotubes and the 
polyhydric alcohol which becomes a raw material of the polymer include: — COOR, 
— COX and — NCO (R represents a substituted or unsubstituted hydrocarbon 
group, and X represents a halogen atom). When — COOH, which can 
comparatively easily modify the carbon nanotubes, is selected, polymerization 
occurs with high density. As a result thereof, formation of a structure having a high 
degree of combination can be formed, and properties of the polymer can be 
enhanced. 

It does not matter if the carbon nanotubes are single layer-carbon nanotubes 
or multi layer-carbon nanotubes having two or more layers. Either one or both (i.e., 
a mixture) of single layer-carbon nanotubes or multiplayer-carbon nanotubes can 
be arbitrarily selected. Further, carbon nano horns which is a variation of single 
layer carbon nanotubes (which are formed into horn shapes whose outer 
circumference is continuously increased from one end to the other), carbon nano 
coils (which are formed into coil shapes whose overall shape is a spiral), carbon 
nano beads (which have tubes at the center thereof and penetrate spherical bead 
structureds of amorphous carbon or the like), cup stack-shaped nanotubes, or 
carbon nanotubes which are not substantially formed into a tube configuration such 
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those whose outer circumference is covered with a carbon nano horn and 
amorphous carbon, can be used as the carbon nanotubes. 

Examples of the carbon nanotubes further include those in which a certain 
substance is encapsulated, such as metal-encapsulating nanotubes in which metal 
or the like is encapsulated in carbon nanotubes, or peapod nanotubes in which 
fullerene or metal-encapsulating fullerene is encapsulated in carbon nanotubes. 

As described above, in the present invention, carbon nanotubes which are 
formed into any arbitrary configurations, such as typical carbon nanotubes, 
variations thereof or those modified in various ways can be used without any 
problem with respect to reactivity. Consequently, all of the above-described carbon 
nanotubes are incorporated into the scope of the "carbon nanotubes" according to 
the present invention. 

On the other hand, conventionally, in preparing a structural body for the 
purpose of obtaining an effect from an interaction between the carbon nanotubes 
by collecting them together and placing them in contact, the structural body must 
be sealed with a resin or the like in order to obtain a stable structural body, 
otherwise the accumulated carbon nanotubes fly in all directions. Further, in the 
case in which the structural body is sealed with a resin, during the coating of the 
resing carbon nanotubes can flow away before a patterning process is carried out, 
and resin can flow between portions where carbon nanotubes contact with each 
other, to thereby inhibit carbon nanotubes from contacting with each other. Thus, it 
has been impossible to use the effectivenss of the carbon nanotubes. 

If a dispersion solution, in which carbon nanotubes have been dispersed in 
a resin solution in advance, is applied to a substrate, unless the concentration of 
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carbon nanotube is considerably high, carbon nanotubes are brought into contact 
with each other only at local portions or set in a dispersed state. 

Therefore, during the synthesis of the aliphatic polymer having a ketone 
group and ether bonding in its main chain, for example, carbon nanotubes are 
dispersed in a polyhydric alcohol (e.g., glycerin) raw material, and a catalyst (e.g. 
sulfuric acid) is added to this. If polymerization is initiated by using the 
above-described method in this state, a structural body filled with carbon 
nanotubes at high density can be prepared. 

At this time, in order to improve the dispersion ratio of the carbon 
nanotubes in the polyhydric alcohol raw material (hereinafter, glycerin is used as 
therepresentative material), and in order to improve a bonding force between the 
carbon nanotube and the polymer by conducting a chemical bonding between the 
aforementioned polymer molecule and the carbon nanotube, use of a material in 
which a functional group such as — COOH group, which conducts a 
polymerization-reaction with a polyhydric alcohol or the aliphatic polymer having 
a ketone group and ether bonding in its main chain, has been added to carbon 
nanotubes is preferable. 

If the functional group of a bonding site in which a plurality of carbon 
nanotubes and the polymer molecules are bonded to each other is — COOR (R is a 
substituted or unsubstituted hydrocarbon group), and when glycerin is used as the 
polymer raw material, then if two hydroxyl groups therein contribute to a chemical 
bonding to the carbon nanotube, the chemical structure becomes 
— COOCH 2 CHOHCH 2 OCO— or — COOCH 2 CH(OCO— )CH 2 OH. And if three 
hydroxyl groups contribute to chemical bonding to the carbon nanotubes, the 
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chemical structure becomes — ^COOCH 2 CH(OCO— )CH 2 OCO— . The chemical 
structure at the cross-linking site can be either one selected from the two structures 
above. 

In particular, if a film of the resin composition containing therein the 
carbon nanotubes is prepared, in a dispensing process in which a mixed solution, in 
which the carbon nanotubes having a functional group are dispersed in glycerin to 
which an appropriate amount of sulfuric acid has been added at room temperature, 
is supplied onto the surface of a substrate, a coating film is formed on the entire 
surface of the substrate or on a portion thereof by the mixed solution. Then, in 
subsequent polymerization, the resulting coating film is thermally cured, and a 
carbon nanotube film for constituting a composite structure in which plural carbon 
nanotubes and the polymer of the present invention are cross-linked with each 
other is formed. 

The film-shaped carbon nanotube-containing resin composition layer is 
patterned into a pattern in accordance with its object. At this point, the carbon 
nanotube-containing resin composition layer itself is already made stable during 
the aforementioned polymerization. Since patterning is conducted with this state, 
there is no need to concern that carbon nanotubes scatter about during patterning, 
thus it is possible to pattern the carbon nanotube-containing resin composition 
layer into the desired pattern. 

Examples of the patterning include the following two embodiments A and 
B described below can be listed: 

Embodiment A comprises dry-etching regions of the carbon 
nanotube-containing resin composition layer outside the desired patterns for the 
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substrate surface, and removing the carbon nanotube structural body layer in the 
dry-etched regions to thereby pattern the carbon nanotube-containing resin 
composition layer into the desired patterns. 

Examples of an embodiment of patterning of the carbon 
nanotube-containing resin composition layer into the desired patterns include one 
which includes two separate processes of: mask layer-forming, to provide a mask 
layer (preferably, a resin layer such as a photoresist or a metal mask) on the carbon 
nanotube-containing resin composition layer in the region of the desired patterns; 
and removing the carbon nanotube-containing resin composition layer that is 
exposed in the regions outside the aforementioned desired pattern regions by 
dry-etching the substrate surface on which the carbon nanotube-containing resin 
composition layer and the mask layer are laminated (the dry-etching preferably 
uses irradiation of radicals of oxygen molecules, radicals of the oxygen molecules 
can be generated by irradiation with ultraviolet light onto oxygen molecules). In 
this case, if the mask layer provided during the mask layer-forming step is also a 
resin layer such as a photoresist, the removal step further comprises a resin 
stripping step of stripping a resin layer from the mask layer, whereby the patterned 
carbon nanotube-containing resin composition layer can be exposed. 

An operation of patterning the carbon nanotube-containing resin 
composition layer into the desired patterns comprises an embodiment in which the 
carbon nanotube-containing resin composition layer is patterned into the desired 
patterns by selectively irradiating the carbon nanotube-containing resin 
composition layer in the region excluding the desired patterns for the substrate 
surface, with ions of gas molecules as ion beams, and removing the carbon 
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nanotube-containing resin composition layer in the region. 

Embodiment B comprises: printing patterns which accord to the purpose of 
the use on a surface of a substrate by preparing a solution in which carbon 
nanotubes are dispersed in glycerin or the like and a dehydrated catalyst such as 
sulfuric acid is added thereto (hereinafter, referred to as the carbon nanotube 
dispersion solution) or a gel in which carbon nanotubes are dispersed into a gel 
polymer and a dehydrated catalyst such as sulfuric acid is added thereto 
(hereinafter, referred to as the carbon nanotube dispersion gel); and thermally 
hardening the carbon nanotube dispersion solution or the carbon nanotube 
dispersion gel. 

Either one of the embodiments A and B can be used for patterning. 

In addition to the aliphatic polymer having a ketone group and ether 
bonding in its main chain of the present invention, another polymer (e.g., 
polyether) can be blended to the resin composition of the present invention. Further, 
the resin composition can be structured by blending the aliphatic polymers having 
a ketone group and ether bonding in their main chains of the present invention 
which have different structures (Ra, Rb, and Rc in the Formula (1) are different 
from one another) from each other. 

Hereinafter, various properties of the resin composition of the present 
invention will be explained. However, the present invention is not limited to these. 

A decomposition temperature of the polymer is preferably in a range of 
300°C to 600°C, and more preferably in a range of 350°C to 600°C. The 
decomposition temperature can be measured by thermalgravimetric analysis. 

A modulus of elasticity is preferably in a range of 0.1 GPa to lOOOGPa, and 
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more preferably in a range of lGPa to l,000GPa. The modulus of elasticity can be 
calculated by the stress obtained by applying additional weight to a sample, and the 
distortion at that time. 

An electrical conductivity is preferably in a range of 10" ,5 S/cm to lOOS/cm, 
and more preferably in a range oflO" 10 S/cm to lOOS/cm. The electrical conductivity 
can be determined by the current-to-voltage properties and cross-sectional area of 
the sample. 

Examples of another property of the resin composition of the present 
invention include insolubility to solvents such as water-, alcohol-, acetone-, 
ketone-, or halogen-containing solvents at normal temperature and pressure. 

EXAMPLES 

Hereinafter, with reference to Examples, the present invention will be 
described in more detail. However, the invention is not limited to these. 
Example 1 

1 ml of glycerin (manufactured by KANTO CHEMICAL Co., Inc.) and 
lOOfa.1 of concentrated sulfuric acid (a 60% of aqueous solution, manufactured by 
KANTO CHEMICAL Co., Inc.) are mixed as a raw material, and stirred 
thoroughly. 1 ml of this mixture is dripped onto a glass substrate, and the resultant 
is heated at a temperature of 160°C for 15 minutes. In an infrared absorption 
spectrum of the product thus obtained (see Fig. 2), an absorption of a carbonyl 
group at 1737cm" 1 which is not observed with an infrared absorption spectrum 
before heating and an absorption of an ether group at 1120cm" 1 are observed (see 
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Fig. 1). Accordingly, it is confirmed that an aliphatic polyether ketone structured 
by a structural unit represented by the Structural Formula (1) (n: 10, weight 
average molecular weight: 720, and a ratio of ether groups to ketone groups: 1/1) is 
obtained. Further, the results of analysis of elements reveals that the product is 
structured by C: 51 wt.%, H: 8 wt.%, and O: 41 wt.%. Since these values 
correspond closely to the values: C: 50 wt.%, H: 6 wt.%, and O: 44 wt.% 
calculated from the Structural Formula (1), it is confirmed that aliphatic polyether 
ketone comprising the structural unit represented by the Structural Formula (1) is 
obtained. 

Various properties of the plastic comprising aliphatic polyether ketone are 
shown below: 

Elasticity: lGPa 

Thermal decomposition temperature: 380°C 
Electrical conductivity: 10" 10 S/cm 
Example 1-1 

An aliphatic polyether ketone, in which carbon nanotube is dispersed, is 
obtained in the same manner as in Example 1 except that 0.1 5g of carbon nanotube 
modified by a carboxylic acid is used as a raw material. The carbon nanotube 
modified by a carboxylic acid is synthesized as follows: 30mg of multi-layer 
carbon nanotube powder (purity: 90%, average diameter: 30nm, average length: 
3fim, manufactured by Science Laboratory) is added to 20ml of concentrated nitric 
acid (60% aqueous solution, manufactured by KANTO CHEMICAL Co., Inc.). 
The resultant mixture is refluxed at a temperature of 120°C for 20 hours, and 
carbon nanotube carboxylic acid is thus synthesized. After the temperature of the 
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solution is returned to room temperature, the reaction solution is centrifuged at 
5,000 rpm for 15 minutes, and separated into a supernatant and a precipitate. The 
precipitate collected is dispersed into 10ml of pure water, and again centrifuged at 
5,000 rpm for 15 minutes, and separated into a supernatant and a precipitate (the 
above being one washing operation). After the washing operation is repeated 
another 5 times, the precipitate is collected so as to obtain the carbon nanotubes 
modified by carboxylic acid. 

Various properties of the plastic comprising aliphatic polyether ketone into 
which carbon nanotubes are dispersed are shown below: 
Elasticity: 5GPa 

Thermal decomposition temperature: 380°C 
Electrical conductivity: 10* 2 S/cm 
Example 2 

1 ml of glycerin (manufactured by KANTO CHEMICAL Co., Inc.), 4ml of 
1, 10-decandiol (manufactured by KANTO CHEMICAL Co., Inc.) and 100^1 of a 
concentrated sulfuric acid (96% aqueous solution, manufactured by KANTO 
CHEMICAL Co., Inc.) are mixed, and stirred thoroughly. 1 ml of this mixed 
solution is dripped on a glass substrate, and the resultant is heated at a temperature 
of 160°C for 15 minutes. In an infrared absorption spectrum of the product thus 
obtained (see Fig. 3), an absorption of a carbonyl group at 1737cm" 1 , and an 
absorption of an ether group at 1 1 18cm" 1 are observed. Accordingly, it is confirmed 
that an aliphatic polyether ether ketone comprising the structural unit represented 
by the Structural Formula (3) (m: 40, n: 5, weight average molecular weight: 9,000, 
and a ratio of ether groups to ketone groups: 2/1) is obtained. 
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Various properties of the plastic comprising the aliphatic polyether ether 
ketone plastic are shown below: 
Elasticity: lGPa 

Thermal decomposition temperature: 380°C 
Electrical conductivity: 1 0' 1 0 S/cm 
Example 2-1 

An aliphatic polyether ether ketone, in which carbon nanotube is dispersed, 
is obtained in the same manner as in Example 2 except that 0.1 5g of carbon 
nanotubes modified by carboxylic acid (prepared in the same manner as in 
Example 1-1) is used as a raw material. 

Various properties of the plastic comprising the aliphatic polyether 
ether ketone plastic into which carbon nanotubes are dispersed are shown below: 
Elasticity: 5GPa 

Thermal decomposition temperature: 380°C 
Electrical conductivity: 10" 2 S/cm 
Example 3 

lml of glycerin (manufactured by KANTO CHEMICAL Co., Inc.) and 
lOOjxl of a concentrated sulfuric acid (a 96% of aqueous solution, manufactured by 
KANTO CHEMICAL Co., Inc.) are mixed, and stirred thoroughly. The mixed 
solution is heated at a temperature of 150°C for 5 minutes (mixed solution A), lml 
of ethylene glycol (manufactured by KANTO CHEMICAL Co., Inc.) and lOO^il of 
concentrated sulfuric acid (96% aqueous solution, manufactured by KANTO 
CHEMICAL Co., Inc.) are mixed, and stirred thoroughly. The mixed solution is 
heated at a temperature of 150°C for 5 minutes (mixed solution B). Then, lml of 
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the mixed solution A and 1ml of the mixed solution B are mixed, and stirred 
thoroughly, and thereafter, the mixed solution is dripped onto a glass substrate, and 
the resultant is heated at a temperature of 190°C for 15 minutes. In an infrared 
absorption spectrum of the product thus obtained (see Fig. 4), an absorption of a 
carbonyl group at 1733cm* 1 and an absorption of an ether group at 1120cm" 1 are 
observed. Accordingly, it is confirmed that a block copolymer comprising an 
aliphatic polyether ketone structured by the structural unit represented by the 
Structural Formula (2) and polyether (namely, a block copolymer comprising the 
structural unit represented by the Formula (1) and the structural unit represented by 
the Formula (3)(nl: 60, 1: 40, k: 2, and R 2 : H, weight average molecule weight: 
6100, and a ratio of an ether group to a ketone group: 100/40)) is obtained. 

Various properties of the plastic comprising the block copolymer are shown 

below: 

Elasticity: lGPa 

Thermal decomposition temperature: 380°C 
Electrical conductivity: 10' 10 S/cm 
Example 3-1 

A block copolymer comprising an aliphatic polyether ether ketone, in 
which carbon nanotubes are dispersed, and polyether is obtained in the same 
manner as in Example 3 except that 0.1 5g of carbon nanotubes modified by 
carboxylic acid (carbon nanotubes prepared in the same manner as in Example 1-1) 
are used as a raw material. 

Various properties of the plastic comprising the block copolymer plastic 
into which carbon nanotubes are dispersed are shown below: 
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Elasticity: 5GPa 

Thermal decomposition temperature: 380°C 
Electrical conductivity: 10' S/cm 
Example 3-2 

A block copolymer comprising an aliphatic polyether ketone and polyether 
having OH groups is obtained in the same manner as in Example 3 except that 
concentrated nitric acid (60% aqueous solution, manufactured by KANTO 
CHEMICAL Co., Inc.) is used as a catalyst in the mixed solutions A and B in place 
of the concentrated sulfuric acid of Example 3-1. The block copolymer is a gel 
substance. However, the aliphatic polyether ketone sites in the block copolymer 
have a structure in which ketone groups are partially substituted by hydroxyl 
groups (the structure represented by the Structural Formula (2)). 

After the gel substance is applied onto the substrate, it is heated at a 
temperature of 150°C, and a film-shaped plastic structural body is obtained. As a 
result, a film-shaped plastic structural body having the similar properties as those 
in Example 3-1 is obtained. 
Industrial Applicability 

As described above, the present invention can provide an aliphatic polymer 
having a ketone group and ether bonding in its main chain which can be used for a 
structural material of a composition such as an engineering plastic. Further, the 
present invention can provide a resin composition containing therein an aliphatic 
polymer having a ketone group and ether bonding in its main chain. 
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